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ABSTRACT 



CRYSTALLINE CEFDINIR AMMONIUM SALT 

The invention relates to crystalline Cefdinir ammonium salt of formula 

(I) 




(I) 

and to a process for the preparation thereof. This salt is particularly 
advantageous in that it allows to prepare highly pure Cefdinir. 
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CRYSTALLINE FROM OF CEFDINIR AMMONIUM SALT AS AN INTERMEDIATE FOR THE PREPARATIO 
N OF PURE CEFDINIR 

Field of the invention 

The present invention relates to cephalosporins, in particular to Cefdinir 
and intermediates for its preparation. 

Background of the invention 
5 Cefdinir (chemical name 7-(Z)-[2-(2-aminothiazol-4-yl)-2- 

hydroxyiminoacetamido]-3-vinyl-3-cephem-4-carhoxylic acid) is a third 
generrt'o^ semisynthetic cephalosporin with a wide antibacterial spestxum, 
particularly effective against infections caused by staphylococci and 
streptococci. 

10 This antibiotic is often prepared through processes comprising the 

recovery of intermediates, for example salts with acids and bases, which 
increase the purity of the finished product without the need for further 
purification steps -such as chromatography- which would be troublesome or 
costly on an industrial scale. 

15 WO 2004/056835 discloses a crystalline Cefdinir salt with phosphoric 

acid, whereas WO 02/098884 discloses crystalline Cefdinir salts with sulfuric 
acid and methanesulfonic acid. 

US6350869 discloses a crystalline Cefdinir salt with 
dicyclohexylamine. 

20 Cefdinir ammonium salt is cited in WO 2004/046154 (examples 3 and 

4) as starting product for the preparation of amorphous Cefdinir monohydrate, 
but its recovery is not disclosed, nor is it given any indication as to its 
physical form. 

As it is known, the cephalosporins' p-lactam ring opens in neutral and 
25 basic aqueous solutions and cephalosporins ammonium salts are in general 
very soluble in these solutions, therefore precipitation of cephalosporins as 
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ammonium salts in pure and crystalline form is usually difficult. 
Disclosure of the invention 

It has now been found that by adding ammonia to aqueous solutions or 
suspensions of Cefdinir and by properly increasing the ionic strength of the 
solutions or suspensions, crystalline Cefdinir ammonium salt of formula (I) 




cr o NH 4 + 



(I) 

can be isolated. The salt is characterised by the following powder X-ray 
diffraction. 



10 



15 



20 
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The spectrum is also graphically reproduced in Figure 1. Cefdinir 
ammonium salt has an IR spectrum (in KBr) with the typical stretching of the 
ammonium ion at 3269 cm' 1 , as shown in Figure 2. Moreover, the spectrum 
shows the stretching of the carbonyl group of the (3-lactam ring at 1747 cm' 1 
and the stretching of the amide carbonyl group at 1668 cm' 1 . The ^-NMR 
spectrum (Figure 3) confirms the presence of the ammonium ion. 
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The crystalline salt of the invention shows double refraction to 
polarized light and has prism form, whose dimensions are up to 100-150 urn. 

The crystalline salt of the invention shows high HPLC purity (higher 
than 99.5%) and good stability. 
5 The salt of the invention can be obtained from a solution of Cefdinir in 

an aqueous solvent, obtained by adding first aqueous ammonia, so as to adjust 
the pH in the range of from 6 to 8, preferably from 6 to 7, and then increasing 
the ionic strength of the solution with an inorganic salt. 

• Cefdinir aqueous solutions can be obtained by dissol ving Csfdinir or by 
10 working up reaction mixtures for the preparation of Cefdinir through 
deprotection of protected intermediates (according to literature methods). 

Suitable solvents for the preparation of the salt of the invention are 
water or mixtures of water with alcohols, such as methanol, ethanol, 
n-propanol, isopropanol, n-butanol; with ketones, such as acetone, 
15 methyl-ethyl-ketone (MEK); with water-miscible ethers, such as 
tetrahydrofuran; with nitriles, such as acetonitrile; with esters, such as methyl 
acetate or ethyl acetate. Particularly preferred is the solvent mixture consisting 
of water and ethyl acetate. 

To achieve crystallization, concentrated Cefdinir solutions, preferably 
20 with a concentration higher than 1 5 g/1, should be used. 

If desired, after addition of ammonia, the aqueous Cefdinir solution can 
be treated with charcoal, then filtered or eluted through a cartridge containing 
charcoal, or loaded onto reverse-phase silica or adsorbing resins and then 
eluted. 

25 The inorganic salts used to increase the ionic strength of the solution 

are selected for example from sodium chloride (NaCl), ammonium chloride 
(NH 4 C1), sodium monohydrogen phosphate or dihydrogen phosphate 
(Na 2 HP0 4 and NaH 2 P0 4 ) and ammonium dihydrogen phosphate 
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[(NH 4 )H 2 P0 4 ]. 

Crystallization temperature ranges from -5°C (if this is compatible with 
the reaction solvent/s) to room temperature, preferably from 0°C to 10°C. 

It might be advantageous to trigger the precipitation by addition of seed 
- 5 crystals of previously obtained salt. 

The ammonium salt of the invention is recovered by filtration and 
washed with the same solvent mixture from which the product precipitates. If 
desired, the salt can be submitted to a final washing with one of the organic 
so' vents used as cosolvents, preferably isopropano!. The product is finally ; 
10 dried in static or rotating oven, at 20-40°C under vacuum. 

Crystalline Cefdinir ammonium salt is characterized by high HPLC 
purity (higher than 99.5%) and complete water solubility. 

The crystalline salt of the invention can be conveniently used in a 
process for the preparation of Cefdinir monohydrate or crystalline form A 
1 5 with high purity, by dissolution of the salt in water or in water/water-miscibile 
solvents mixtures as described above, followed by acidification with a mineral 
acid, for example hydrochloric acid. 

The inorganic ammonium counterion increases the solubility and 
dissolution rate of Cefdinir in water or water/water-miscibile solvents, and 
20 allows to prevent degradation caused by pH stress (excessive amount of base, 
high local pH following the base addition), which occurs in purification 
processes starting from Cefdinir (amorphous, crystalline form A of the Patent 
Fujisawa US4935507 and hydrate) or salts thereof (phosphate, sulfate, 
methanesulfonate and dicyclohexylamine). 
25 The invention will be now illustrated in greater detail by means of some 

examples. 

Description of the figures 

Figure 1 : X ray spectrum of Cefdinir ammonium salt. 
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Figure 2: IR spectrum of Cefdinir ammonium salt (recorded on a Perkin 

Elmer Spectrum 1000 spectrometer in 1% KBr, 16 scannings, 4 cm" 1 resolution). 

Figure 3: 'H-NMR spectrum of Cefdinir ammonium salt recorded in 

DMS(W 6 after 16 scannings on a 300 MHz Varian mercury spectrometer. 
5 
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EXAMPLES 

Preparation of crystalline Cefdinir ammonium salt 

Example 1 

Cefdinir phosphate (10 g) is suspended in water (112.5 ml) and ethyl 
acetate (7.5 ml), then a diluted ammonium hydroxide solution is added drop 
by drop, adjusting the pH to 6.5 and keeping the temperature at 5°C, until a 
solution is obtained. Seed crystals of Cefdinir ammonium salt are added and 
the solution is slowly stirred at 5°C for one hour. The crystallized product is 
filtered and washed first with water then with isopropanbl. After drying 
crystalline Cefdinir ammonium salt (4 g) is obtained with high purity. HPLC 
purity = 99.8%; assay = 94.5% (KBr) 3269, 1747, 1668 cm" 1 . 

Example 2 

Crude Cefdinir (10 g) is suspended in water (170 ml) and ethyl acetate 
(12 ml), then a diluted ammonium hydroxide solution is added drop by drop, 
adjusting pH to 6.5 and keeping the temperature at 5°C, until a solution is 
obtained. Ammonium dihydrogen phosphate (5.8 g) and seed crystals of 

QONFIRMATIOfPCpp Y 
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Cefdinir ammonium salt are added and the solution is slowly stirred at 5°C for 
one hour, adjusting pH to 6.5 by addition of a diluted ammonium hydroxide 
solution. The crystallized product is filtered and washed first with water then 
with isopropanol. After drying crystalline Ceidimr ammonium salt (6.5 g) 
5 identical to the product of example 1 is obtained with high purity. 
Example 3 

Crude Cefdinir (10 g) is suspended in water (170 ml) and ethyl acetate 
(12 ml), then a diluted ammonium hydroxide solution is added drop by drop, 
adjasting pH to 6.5 and keeping the temper*ire *t 5°C, until a solution is 

10 obtained. Ammonium dihydrogen phosphate (11.6 g) and seed crystals of 
Cefdinir ammonium salt are added and the solution is slowly stirred at 5°C for 
one hour, keeping the pH at 6.5 by addition of a diluted ammonium hydroxide 
solution. The crystallized product is filtered and washed first with water and 
then with isopropyl alcohol. After drying, crystalline Cefdinir ammonium salt 

15 (8 g) identical to the product of example 1 is obtained with high purity. 
Example 4 

Crude Cefdinir (10 g) is suspended in water (170 ml) and ethyl acetate 
(12 ml), then a diluted ammonium hydroxide solution is added drop by drop, 
adjusting pH to 6.5 and keeping the temperature at 5°C, until a solution is 

20 obtained. Ammonium hydrogen phosphate (17.4 g) and seed crystals of 
Cefdinir ammonium salt are added and the mixture is slowly stirred at 5°C for 
one hour, adjusting pH at 6.5 by addition of a diluted ammonium hydroxide 
solution. The crystallized product is filtered and washed first with water then 
with isopropanol. After drying, crystalline Cefdinir ammonium salt (9.4 g) 

25 identical to the product of example 1 is obtained with high purity. 
Example 5 

Cefdinir phosphate (10 g) is suspended in water (112.5 ml) and ethyl 
acetate (7.5 ml), then a diluted ammonium hydroxide solution is added drop 
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by drop, adjusting the pH to 6.5 and keeping the temperature at 5°C, until a 
solution is obtained. Ammonium dihydrogen phosphate (7.5 g) and seed 
crystals of Cefdinir ammonium salt are added and the mixture is slowly stirred 
at 5°C for one hour, adjusting pH at 6.5 by addition of a diluted ammonium 
5 hydroxide solution. The crystallized product is filtered and washed first with 
water then with isopropanol. After drying, crystalline Cefdinir ammonium salt 
(6.2 g) identical to the product of example 1 is obtained with high purity. 
Example 6 

Cefdinir phosphate (10 g) is suspended in -watef (112.5 mJ) and ethyl 
10 acetate (7.5 ml), then a diluted ammonium hydroxide solution is added drop 
by drop, adjusting the pH to 6.5 and keeping the temperature at 5°C, until a 
solution is obtained. Sodium dihydrogen phosphate (14 g) and seed crystals of 
Cefdinir ammonium salt are added and the solution is slowly stirred at 5°C for 
one hour, keeping pH at 6.5 by addition of a diluted solution of ammonium 
15 hydroxide. The crystallized product is filtered and washed first with water 
then with isopropanol. After drying crystalline Cefdinir ammonium salt (5.9 g) 
identical to the product of example 1 is obtained with high purity. 
Example 7 

Cefdinir phosphate (10 g^ is suspended in water (112.5 ml) and ethyl 
20 acetate (7.5 ml), then a diluted ammonium hydroxide solution is added drop by 
drop, adjusting the pH to 6.5 and keeping the temperature at 5°C, until a 
solution is obtained. Sodium monohydrogen phosphate (14.4 g) and seed 
crystals of Cefdinir ammonium salt are added and the solution is slowly stirred 
at 5°C for one hour. The crystallized product is filtered and washed first with 
25 water then with isopropanol. After drying crystalline Cefdinir ammonium salt 
(5.5 g) identical to the product of example 1 is obtained with high purity. 
Example 8 

Crude Cefdinir (10 g) is suspended in water (170 ml) and ethyl acetate 
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(12 ml), then a diluted ammonium hydroxide solution is added drop by drop, 
adjusting pH to 6.5 and keeping the temperature at 5°C, until a solution is 
obtained. Ammonium chloride (20 g) and seed crystals of Cefdinir ammonium 
salt are added and the solution is slowiy stirred af 5°C for one hour adjusting 
5 pH at 6.5 by addition of a diluted ammonium hydroxide solution. The 
crystallized product is filtered and washed first with water and then with 
isopropanol. After drying, crystalline Cefdinir ammonium salt (8.9 g) identical 
to the product of example 1 is obtained with high purity. 

Example 9 - * ' ,,*.•«.•* 

10 Crude Cefdinir (10 g) is suspended in water (170 ml) and ethyl acetate 

(12 ml), then a diluted ammonium hydroxide solution is added drop by drop, 
adjusting pH to 6.5 and keeping the temperature at 5°C, until a solution is 
obtained. Sodium chloride (30 g) and seed crystals of Cefdinir ammonium salt 
are added and the solution is slowly stirred at 5°C for one hour. The 
15 crystallized product is filtered and washed first with water then with 
isopropanol. After drying, crystalline Cefdinir salt ammonium (9.1 g) identical 
to the product described in example 1 is obtained with high purity. 
Preparation of Cefdinir 
Example 10 - : ,rv f ,- ^ * - - 
20 Cefdinir ammonium salt (10 g) is dissolved in water saturated with 

ethyl acetate (630 ml) at a temperature of 5°C and the solution is treated with 
active charcoal. The pH of the clarified solution is adjusted to 2.5 with diluted 
hydrochloric acid. The crystallized product is filtered and washed in sequence 
with water then with isopropanol. After drying, crystalline Cefdinir 
25 monohydrate (8.7 g) is obtained with high purity. 

Water (K.F.) = 5.5%. IR: (KBr) 3300, 1786, 1752, 1667, 1610, 1544 cm* 1 . 
Example 1 1 

Cefdinir ammonium salt (10 g) is dissolved in water saturated with 



WO 2006/053625 PCT/EP2005/011385 

10 

ethyl acetate (330 ml) at a temperature of 5°C and the solution is treated with 
active charcoal. The temperature of the clarified solution is set to 35°C and 
the pH is adjusted to 2.2 hy addition of diluted hydrochloric acid. The 
crystallized product is filtered and washea with water. After drying, Cefdinir 
5 crystalline form A (8.2 g) is obtained with high purity. The resulting product 
is crystalline and shows an IR spectrum (KBr: 1765, 1685, 1543 cm" 1 ) and X 
ray diffractogram identical to those reported in example 4 of US 4,935,507. 
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CLAIMS 

1. Crystalline Cefdinir ammonium salt of formula (I) 
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characterized by the following diffraction spectrum: 
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2. Use of the salt of claim 1 for the preparation of Cefdinir, 
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